for 1 h, specimens were incubated in 1% BSA, 4% donkey serum and 0.5 mM CaCl 2 in PBS-T containing the appropriate combination of the following antibodies at 4°C overnight: polyclonal anti-GFP antibody (1:500; MBL, Nagoya, Japan, catalog #598), polyclonal anti-GFRα1 antibody (2 µg/ml; R&D systems, MN, USA, catalog #AF560), monoclonal anti-GFP antibody (a gift from A. Imura), monoclonal anti-E-cadherin antibody (2 µg/ml; Takara Bio, Shiga, Japan, clone #ECCD-2), monoclonal anti-PLZF antibody (1:50; Calbiochem, OR, USA, clone #2A9), and polyclonal anti-MVH antibody (a gift from T. Noce (S5)). After washing with PBS-T, an appropriate second antibody (Alexa Fluor 488-or Alexa Fluor 594-conjugated donkey anti-rabbit, anti-rat, anti-mouse, or anti-goat IgG (1:500, Molecular Probes, CA, USA)) was applied to the samples at room temperature for 2 h. After washing with PBS-T, specimens were mounted in Permafluor (Beckman Coulter, CA, USA) for observation under a DMRBE upright fluorescence microscope (Leica, Wetzlar, Germany) equipped with an Axiocam CCD camera (Carl Zeiss Vision, Oberkochen, Germany).
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Analyses of cyst length and gene expression of spermatogonia:
To determine the cyst length, after immunofluorescence staining with anti-E-CAD antibody, the whole mount seminiferous tubule specimens were observed under a fluorescence microscope. The E-CAD staining coupled with staining for TEX14, a protein that specifically localizes to intercellular bridges (S6), enabled us to reliably identify syncytial cysts of spermatogonia and adjacently located separate clones based on the E-CAD staining, in the absence of co-stained TEX14 signal. In many experiments double-staining was done with anti-E-CAD and a second antibody to determine the gene expression as well. Kyoto, Japan). After incubation with or without regeneration induced by busulfan administration (see below), their testes were processed for whole-mount immunofluorescence.
Induction of regeneration:
Ngn3/EGFP transgenic adult mice were injected intraperitoneally with busulfan (10 mg/kg, Wako Pure Chemical Industries, Osaka, Japan). According to the experimental schedule, their testes were processed for whole-mount immunofluorescence. The frequencies of the stained cells were counted over extended segments of seminiferous tubules measuring at least 25 mm in length for each specimen under a DMRBE upright fluorescence microscope (Leica).
For the pulse-regeneration experiments, three-month-old Ngn3/CreER TM ;CAG-CAT-EGFP transgenic mice were administered tamoxifen 2 d before busulfan injection. The testes were removed according to the experimental schedule and processed for immunostaining.
Segments of seminiferous tubules measuring at least 240 mm were analyzed for each specimen.
Live imaging of Ngn3-expressing spermatogonia: Live imaging of the GFP-expressing spermatogonia in Ngn3/EGFP mice was preformed as described previously (S7) .
Live-imaging during regeneration (i. e., several days following busulfan treatment) has not been achieved currently because the residual systemic effect of busulfan makes the anesthesia difficult to control.
Supplemental Text
Text S1: E-CAD and PLZF mark the entire A s A pr , and A al population
Expression of E-CAD and PLZF is mostly overlapped in A s , A pr and A al spermatogonia ( Fig.   S2A ), whose morphology (i.e., the cyst length) is best determined after stained with E-CAD. As shown in Fig. S2C , the frequencies of E-CAD + A s , A pr , and A al relative to Sertoli cell nuclei were very similar to those determined by standard criteria, i.e., nuclear morphology and inter-nucleus distance in hematoxylin-stained whole mount specimens (S8, 9) . In addition, as shown in Fig. S2D , in the experimental cryptorchid testes where A s , A pr , and A al are the only surviving germ cells (S4), E-CAD stained the entire germ-cell population defined by the expression of MVH (S10). These results strongly suggest that E-CAD/PLZF represents the entire population of A s , A pr , and A al , and that the possible contribution of E-CAD/PLZF double negative A s , A pr , and A al would not be substantial (S11-13). would be distributed through the intercellular bridges to spread all over the cyst, which could also dilute the GFP signal below the detection threshold. Therefore, we evaluated the hypothesis that the NGN3 + A s , A pr , and A al are labeled at random with the same probability as that of A s (33%). Based on this assumption, the probability (P) that k cells are labeled within an n-cell cyst follows a binomial distribution, indicated by the following equation:
where p is the probability for labeling a cell (0.33, in this case). Based on this equation, the probability of labeling an n-cell cyst (n = 1, 2, 4, 8, 16) with detectable GFP intensity above the presumptive threshold (t) is provided as a summation of P for all the k where k/n ≥ t. As shown in Fig. S3B , the observed percentage of labeled cysts (red) satisfactorily fits the theoretically expected profiles when the threshold is set at 1 labeled cell out of 3.5 cells. We theorize that this threshold is reasonable. Therefore, it follows that labeling was induced in ~30% of NGN3 + cells regardless of the number of chained cells. regeneration, marginal dose of busulfan (10mg/kg body weight) was injected on day 2, followed by the same series of analyses, which was the same that show in Fig. 5 . 3 months later, persistent GFP + patches were counted in hemeostasis and regeneration (S15).
Captions Supplemental Figures
(B) Summariy of the estimated absolute number of GFP-tagged GFRα1 + A s per testis without or with busulfan injection, respectively, on indicated days. The same data for Fig. 3A -B and 5F-I were used. In steady-state spermatogenesis, estimations were based on the count of observed GFP-tagged GFRα1 + A s , the length of the observed segments, and the total seminiferous tubules length per testis that was measured in our previous report (S15). In regeneration, number of Sertoli cells was also counted in the shrinking seminiferous tubules, and the total cell number were estimated based on the assumption that the total Sertoli cell number is constant between undisturbed and regenerating testes. In addition, number of the discrete GFP + patches observed after three months patches are shown. Results are shown as average ± SEM per testis. *P=0.04, **P=0.03, ***P<0.001 (Student t-test).
(C) Fluorescent stereomicrographs of the untangled seminiferous tubules from the entire testes 3 months after pulse. Note a larger number of GFP + patches (arrows) in busulfan-treated testes than in uninjected one, compatible to results shown in (S15). and probable A al-8 . The selected frames of this movie are represented in Fig. 2I . The elapsed time is shown in days:hours:mins., as is also the case in all of the movies below.
Movie S2: Fragmentation of a syncytial cyst of A al-8
Live-imaging of a Ngn3/EGFP mouse testis representing cyst#1, which underwent fragmentation as described in Fig. 4 and Fig. S5C .
Movie S3: Fragmentation of a syncytial cyst of A al-4
Live-imaging of a Ngn3/EGFP mouse testis representing cyst#2, which underwent fragmentation as described in Fig. S5C . Right panel tracks the cells with dots. Cells shown by the same color are derived from the same single cell within A al-4 at the beginning of the record.
Note that the fragmented cells rapidly lost the Ngn3/EGFP signal, which made it difficult to trace the complete lineage. Also note that this recorded field has overlap with a movie that was 8 published previously (S7).
Movie S4: Fragmentation of a syncytial cyst of A al-4
Live-imaging of a Ngn3/EGFP mouse testis representing cyst#3, which underwent fragmentation as described in Fig. S5C .
